MicroVention's comprehensive portfolio features clinically proven Hydrogel coils, which can be used exclusively or in combination with our trusted Platinum coils to treat a wide range of aneurysms and neurovascular lesions.
Introduction
Extra-axial tumors can invade the dural sinuses, thus leading to their partial or total occlusion. This invasion is associated with the development of venous collaterals that compensate for blocked venous drainage of the sinus. The degree of sinus invasion determines the extent of the surgical resection and the collateral venous pathways determine the surgical approach. [1] [2] [3] [4] An accurate analysis of the venous system surrounding the tumor is hence important prior to undertaking the surgical excision. Magnetic resonance venography (MRV) and computed tomography (CT) venography (CTV) often do not allow for adequate analysis of the peritumoral venous system, since the image of the contrasted tumor is superimposed on that of the adjacent veins. Conventional brain angiography also has its limitations since it does not allow for a volume analysis of the venous anatomy. We have applied the threedimensional digital subtracted CT angiography (3D DS-CTA) technique to image the venous system for preoperative assessment of these tumors. The aim of this work was to report on the results obtained using this technique on three patients.
Methods
Brain angiography was performed under general anesthesia since it preceded the preoperative embolization. All patients signed a written informed consent before the endovascular procedure and before the surgery. Since we retrospectively studied the data of these patients according to our usual clinical protocol, the approval of our institutional review board was not required.
Conventional angiography
The angiography was performed with an Artis Zee Bi Õ plane angiography unit (Siemens Healthcare, Germany). The 3D DS-CTA was carried out as rotational sequences of 10 s, with and without contrast injection. A simultaneous injection of two cervical arteries was performed to opacify all the involved venous structures. For tumors invading the superior sagittal sinus (n ¼ 2), both internal carotid arteries were catheterized. For tumors invading the lateral sinus, the ipsilateral vertebral and the ipsilateral internal carotid arteries were catheterized. The contrast agent was injected simultaneously in both arteries at a flow rate of 2 ml/s for 10 s. The delay between the injection and the acquisition of the 3D DS-CTA was evaluated using the run of the internal carotid artery angiogram. It corresponded to the delay between the injection of the iodine contrast in the internal carotid artery and the opacification of the ipsilateral sigmoid sinus (12-14 s).
The reconstruction process of the 3D DS-CTA was performed with a Leonardo Õ workstation (Siemens). The vascular and the bone structures were independently processed using the double volume reconstruction tool to improve the quality of the pictures (Syngo Õ , DCT, Siemens).
T MRI-3D DS-CTA fusion technique
The magnetic resonance imaging (MRI) was performed using a 3 T superconducting unit (Magnetom Õ , Skyra, Siemens). A 3D fast spoiled gradient echo (3D-FSPGR) Figure 1 . Recurrent hemangiopericytoma invading the superior sagittal sinus. (a) Due to the high enhancement of the tumor following injection, the MRV did not allow accurate assessment of the patency of the superior sagittal sinus. The three-dimensional reconstructions with the MRI-3D DS-CTA fusion technique in superior (b) and lateral (c) views allowed for assessment of the position of the tumor regarding the venous anatomy. The sinus was occluded by the tumoral invasion (white arrows) and the secondary venous outflow pathways were located superficially, on the right side of the tumor (blue arrows). (d) The native sections of the 3D DS-CTA allowed the secondary venous outflow pathways to be located with a high level of certainty inside the parietal bone (blue arrow). Those functional veins connected the anterior and the posterior part of the superior sagittal sinus on either side of the occlusion.
sequence was used and the examination was performed after an intravenous injection of a bolus of gadolinium.
MRI raw data images were superimposed on the 3D DS-CTA axial images using an automated post processing program (Syngo fusion Õ , Siemens) with a Leonardo Õ workstation (Siemens).
Once the two images were perfectly superimposed, the 3D-FSPGR and the 3D DS-CTA were independently processed using the double volume reconstruction tool. The 3D-FSPGR sequence was manually sectioned to extract the tumor from the surrounding anatomic structures. The 3D DS-CTA images were then used to reconstruct the 3D venous system and to manually section the anatomical structures of interest. At the end of the process, the final pictures were obtained by using the double volume visualization tool.
Results
The study protocol was applied to three patients, comprising a hemangiopericytoma ( Figure 1 ) and a meningioma ( Figure 2 ) invading the superior sagittal sinus, and a meningioma invading the right lateral sinus. In these three cases, the brain MRI did not allow the patency of the sinus to be determined with certainty due to the high enhancement of the tumor (Figure 1(a) ). In all cases, the 3D DS-CTA showed a complete occlusion of the invaded sinus, and this was confirmed intraoperatively. The peritumoral venous anatomy could be analyzed using the MRI-3D DS-CTA fusion technique, and it guided the planning of the surgical procedure (Figure 1(b) and (c); Figure 2 (a) and (b)). The position of bones relative to the secondary venous drainage pathways could be analyzed by relying on 3D DS-CTA native sections (Figure 1(d) ; Figure 2 (c) and (d)). This allowed the area of the bone flap to be changed accordingly. In all three cases, the 3D DS-CTA was used to guide the surgical procedure by a process of neuronavigation. The tumors were fully resected in all three cases, with resection of the invaded sinus. No intraor post-operative complications occurred.
Discussion
The surgical risks and the extent of tumor resection of tumors invading a dural sinus depend on the patency 
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Interventional Neuroradiology 23 (4) of the sinus. In case of partial invasion of the sinus, the surgical technique is controversial, 5, 6 and two techniques have been proposed. 7 The first involves complete tumor resection, with repair of the sinus or a venous bypass. The second amounts to a partial excision, while sparing the intra-sinusal remnants. The first strategy entails a higher risk of venous complications but a lower risk of recurrence. Complete occlusion of the sinus by the tumor warrants a full resection, although it requires that venous collaterals are spared. 8 These venous outlet pathways are variable, with frequent development of trans-and intra-osseous veins. The location of these veins must be taken into account prior to making the bone flap. The interpretation of the CTV or of the MRV can be limited by the strong enhancement of the tumor following injection. Distinguishing between the venous vascular structures and the tumor can hence prove to be difficult. [9] [10] [11] Virtual reality technology with reconstruction in four dimensions of the MRV can be a useful tool with this indication. 10, 11 Considering coupling of CT with conventional angiography, 3D DS-CTA is probably more accurate for the assessment of the patency of the sinus, and for determining the position of bone relative to the secondary venous outlets. The MRI-3D DS-CTA fusion technique allows for an assessment of the peritumoral secondary venous drainage pathways that is as at least as powerful as that with virtual reality technology.
3D DS-CTA can guide the tumor resection intraoperatively by use of neuronavigation. This guidance could decrease the risk of lesion to the draining veins or the functional trans-osseous ones after making of the bone flap. It could also allow optimization of the tumor resection while preserving the functional veins at each step of the intervention. Use of indocyanine green has been proposed to intraoperatively locate the peritumoral venous structures with these indications. 3, 12 This technique cannot, however, be used until after opening of the dura mater, and hence does not decrease the risk of lesion to intra-and trans-osseous veins during the making of the bone flap.
The main limitations of this technique are the need to perform a double arterial catheterization, and the time required to inject of the contrast agent. General anesthesia is required a priori to avoid artefacts from movements by the patient. Further studies will be necessary to assess the merit of incorporating this technique in the preoperative management for this type of tumors.
Conclusion
3D DS-CTA allows for accurate assessment of the patency of the sinus, the location of the secondary intra-and trans-osseous venous outlets, and surgical guidance by neuronavigation. It could be a promising guidance and diagnostic tool for the pre-and intraoperative management of tumors invading the dural sinuses, for which the venous morbidity and mortality is substantial.
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